Abstract Modular acetabular systems have several advantages; however, increased polyethylene wear has been recognized as a disadvantage. In our study, an acetabular shell design with a highly polished inner surface, a locking mechanism that minimizes micromotion, and a high polyethylene liner to shell conformity was evaluated. A prospective cohort of 50 consecutive hips was followed up for a mean of 3.6 years (range, 2Y7 years). One patient required an early revision for recurrent instability. Mean linear head penetration rates were 0.242 mm/year (range, 0.048Y0.655 mm/year). The true linear wear rate was calculated after subtracting the linear wear in the first follow-up year from the total wear at the end of the followup. The true linear wear rate was 0.173 mm/year (range, 0.03Y0.423 mm/year). A positive correlation was found between wear rate and male gender. The low head penetration rates suggest that a polished liner with an improved locking mechanism and increased liner conformity can reduce polyethylene wear.
Introduction
The issue of wear of ultraYhigh molecular weight polyethylene bearing surfaces has become a dominant theme in hip arthroplasty. A consensus has emerged that aseptic osteolysis is a cell-mediated process driven by the presence of wear debris particles (predominantly polyethylene) and is one of the most common causes for failure of total hip arthroplasty. The advantages of modular acetabular systems with a metal shell and a removable polyethylene insert over cemented polyethylene components are questionable when polyethylene wear rates are compared. Average wear rates of cemented all-polyethylene acetabular components were reported to be between 0.07 and 0.15 mm/year [5, 14, 25] . In contrast, higher wear rates for cementless acetabular components were reported, some as high as 0.77 mm/year [1, 7] . This would equate to a greater potential for wear debris related to osteolysis in modular systems.
Factors thought to contribute to the increased polyethylene wear rates seen in modular implants are the conformity between the polyethylene liner and the metal shell and problems with the locking mechanism retaining the liner within the shell. Another possible source for increased polyethylene wear is from the nonarticular surface of the liner, so called Bbackside wear^. A study by Chen et al [6] suggests that a stable locking mechanism and a smooth acetabular shell surface are important in minimizing polyethylene liner wear and polyethylene debris production.
A newer generation of modular acetabular systems was developed to address these concerns. This study measured polyethylene wear rates in patients implanted with a metalbacked acetabular component with a highly polished inner surface, high conformity between liner and shell, and a locking mechanism that minimized micromotion at the interface between the liner and the shell.
Materials and methods
A cohort of 50 consecutive primary total hip arthroplasties performed at Scripps Clinic (La Jolla, CA) between April 1994 and July 1997 were followed up prospectively. The indication for surgery was symptomatic osteoarthritis of the hip refractory to appropriate conservative medical management. All procedures were performed by or under the direct supervision of the senior author (CWC Jr). A modified posterior-lateral approach to the hip was used in all cases. A titanium alloy, modular, metal-backed, porouscoated, noncemented (Reflection, Smith & Nephew, Memphis, TN, USA) acetabular component was implanted. A cobalt-chrome alloy femoral component (Spectron, Smith & Nephew) was cemented with centrifuged polymethylmethacrylate. A 28-mm cobalt-chrome alloy femoral head was used in all cases. All liners were sterilized in ethylene dioxide.
To obtain the x-rays, patients were placed in a supine position, non-weight-bearing, with their lower limbs internally rotated. Anterior-posterior radiographs of the pelvis were obtained at the initial follow-up (3 months) and at final follow-up visits (range, 2Y7 years). For all the radiographs, the x-ray beam was centered over the pubis. Crosstable lateral radiographs of the acetabulum and frog-view lateral radiographs of the upper femur were also obtained. All radiographs were analyzed for subsidence, endosteal lysis, cortical hypertrophy, acetabular abduction angle, implant-bone interface evaluation of the acetabulum, acetabular migration, and head penetration into the liner.
Initial postoperative and long-term follow-up radiographs were digitized using a flatbed scanner (Scanmaker 9600XL, Microtek Inc, Carson, CA, USA) and were analyzed using Polyware Pro 3D (Draftware Developers Inc, Vevay, IN, USA). Polyware Pro 3D measures head penetration in the liner by using an edge-detection algorithm to trace the edges of the head and of the metal shell on the digitized radiograph. By using the angle of projection of the x-ray beam relative to the pelvis, the 3-dimensional position of the head in the acetabular component was reconstructed mathematically [10] . The linear head penetration was measured as the difference in relative head position between 2 sets of radiographs (early follow-up and late follow-up). This method has a reported accuracy of 0.05 mm [11] . Head penetration into the liner represented a combination of polyethylene creep and wear. Volumetric polyethylene wear was the volume of polyethylene calculated to be lost to allow for displacement of the femoral head. Several reports suggest that the major portion of polyethylene creep occurs during the postoperative first year. In those patients who were radiographed at the 1-year follow-up in addition to the final follow-up, the linear head penetration at 1 year was subtracted from the head penetration at final follow-up. Therefore, the head penetration rate between the 1-year and the final follow-up was used as an estimate of the true linear wear rate.
Endosteal osteolysis was defined as lucency at the implant-cement or cement-bone interface on anteriorposterior or lateral radiographs demonstrating cavitation with a minimal longitudinal measurement of 5 mm and a width greater than 3 mm. These measurements were recorded according to location by radiographic zones as described by DeLee and Charnley [9] , Gruen et al [15] , and Johnston and Crowninshield [18] . Clinical evaluation included Harris hip scores obtained preoperatively and at each postoperative follow-up [17] . The result was classified as excellent (Harris hip score between 90 and 100), good (80Y89), fair (70Y79), or poor (less than 70). Postoperative thigh pain and the associated inciting level of activity were classified as: grade 0=no thigh pain, grade 1 (mild)=thigh pain with unusual activities only, grade 2 (moderate)=thigh pain with activities of daily living, and grade 3 (severe)=thigh pain at rest.
Statistical analysis of data was performed using Systat 7.0 (SSPS Inc, Chicago, IL, USA). The effect of various clinical and radiographic factors on the rate of polyethylene wear was examined with the use of the Student t test for difference due to gender and with multiple-regression analysis for differences due to age, weight, cup abduction angle, and Harris hip score.
Results
All 46 patients (50 hips) undergoing implantation were accounted for. One patient died of natural causes unrelated to the surgery or anesthetic. Of the remaining 45 patients (49 hips), 43 (46 hips) were examined by the investigators and were radiographed at Scripps Clinic. The other 2 patients (3 hips) were examined by independent physicians. The appropriate radiographs were obtained from these physicians for analysis.
Mean patient age at surgery was 72.2 years (range, 59Y84 years); the mean follow-up was 3.6 years (range, 1.4Y6.9 years). Preoperative Harris hip scores of 65.6 (range, 34Y83) and postoperative scores of 94.9 (range, 85Y100) demonstrated significant postoperative improvement in function, pain relief, and motion. Four patients (8.16%) had thigh pain (all grade 1). One hip required early revision (within 3 months) of the acetabulum for recurrent instability. To achieve stability, the acetabular shell was repositioned and the 28-mm head was exchanged for a 32-mm head with a matching liner.
Mean acetabular shell abduction angle was 44.9-(range, 34.2Y57. The head penetration rate between the 1-year and the final follow-up was used as an estimate of the true linear wear rate. In those patients, the true linear wear rate was 0.173T0.136 mm/year. A higher mean true linear wear rate was measured in hips of male patients (0.22T0.13 mm/ year) compared with hips of female patients (0.12T0.13 mm/ year, p=0.048).
Discussion
The pathophysiology of aseptic osteolysis and of subsequent implant failure has been well characterized. Conse-quently, wear of polyethylene bearing surfaces with the generation of particulate debris has become a dominant issue in orthopedics. Numerous authors demonstrated a significant association between high polyethylene wear rates and premature implant failure. Wear rates for metalon-polyethylene bearings were reported to be between 0.07 and 0.77 mm/year [1, 4] .
There are several advantages of modularity with a metal-backed shell and a removable polyethylene liner. Modular acetabular components facilitate shell positioning intraoperatively, expand the choices for liner designs, and permit the easy exchange of a damaged liner without disturbing the bone-implant interface in a well-fixed acetabular shell. The disadvantages include a relatively higher rate of polyethylene wear compared with cemented nonmodular sockets [7, 26] , the possibility for the generation of particulate wear debris at two polyethylene surfaces [6, 12, 19] , and the dissociation of the modular polyethylene insert [3, 8, 13, 21, 24] .
An area of modularity that has been addressed to reduce polyethylene wear is the roughness of the Bbackside^articulating surface. Wear studies have shown that rougher counterfaces tend to generate more biologically active micron-sized particles than smooth counterfaces [16] . Congruency between the modular polyethylene and the metal shell, as well as the push-out and lever-out forces of the locking mechanism of the liner into the shell, were associated with contact stresses and with subsurface stresses in polyethylene and subsequent wear debris generation [6, 23] .
Chen et al [6] studied 5 different designs and found marked differences in the security of the acetabular shell and the polyethylene liner locking mechanism, wear pattern, damage sites, and the amount of polyethylene debris on the acetabular shell and on the polyethylene liner surfaces. Different wear patterns were seen on image analysis and on scanning electron microscopy. The mean liner backside surface wear area varied widely (between 0.26 and 4.61 cm 2 ) among the different designs. In general, a stable locking mechanism and a smooth acetabular shell surface correlated with lower polyethylene liner wear and with lower polyethylene debris production. Fehring et al [12] reported similar variability in liner-shell micromotion (from 5 to 311 2m) in modular acetabular components from 8 different manufacturers. Lieberman et al [19] also related micromotion to backside surface damage of modular polyethylene liners. Young et al [26] reported a wear rate of 0.11 mm/year in nonmodular acetabular cups, which was lower and was more consistent than the wear rates seen in modular cups (0.16 mm/year).
All radiographs were obtained from patients who were placed in a supine, non-weight-bearing position. There may be differences between the head penetration measured on weight-bearing radiographs and that measured on supine radiographs. However, two recent studies [20, 22] have shown no significant differences between wear rates calculated from weight-bearing and from non-weightbearing radiographs during the first 2 to 3 years of follow-up. However, later follow-up should include both weight-bearing and non-weight-bearing radiographs to calculate wear rates.
This study indicated that a modular acetabular system incorporating the design features of a locking mechanism that minimizes liner micromotion, and a high liner-shell congruency can result in polyethylene wear rates in the lower range of reported wear rates. This early observed overall head penetration rate was slightly higher than the reported wear rates of cemented acetabular components but was much lower than the reported wear rates for noncemented acetabular components [1, 7] . To account for the creep and running in of the polyethylene liner, which takes place in the initial period, the true linear wear rate was also estimated. The true linear wear rate (head penetration rate after the first year of follow-up) was significantly lower than the overall head penetration rate. A longer-term follow-up of this cohort is essential to determine the significance of these promising early findings.
